1. Introduction
===============

Meralgia paresthetica (MP), also referred to as Bernhardt--Roth syndrome, is a rare mononeuropathy of the primary sensory lateral femoral cutaneous nerve (LFCN). As a branch of the lumbar plexus, the LFCN emerges alongside the lateral margin of the psoas major muscle and runs across the iliacus muscle toward the anterior superior iliac spine (ASIS). The nerve then passes beneath the inguinal ligament, and exits the pelvis at an angle of approximately 80° before dividing into an anterior and posterior branch. Both of the branches at this point provide somatosensation to the anterolateral aspect of the thigh (Fig. [1](#F1){ref-type="fig"}). The nerve\'s angular course, and the lack of cushioning adipose tissue along its passage underneath the inguinal ligament, represent risk factors that render it susceptible to entrapment or compression at that site. MP is characterized by recurring bouts of symptoms such as pain, numbness, and a tingling or burning sensation along the course of the LFCN. Obesity, repetitive extension of the hip joint, prolonged sitting, and tight clothing, among other factors, may trigger these symptoms. With an age-standardized incidence rate (ASR) of 13.2 per 100,000 European women, and 10.7 per 100,000 European men, MP is a rather rare entrapment syndrome with a nearly equal distribution between the sexes.^\[[@R1]\]^

![Schematic illustration of the cutaneous area with somatosensory supply from the LFCN in a patient suffering from MP.](medi-97-e11914-g001){#F1}

In most cases, the diagnosis of MP can be made based upon patient history and the physical examination findings. Nonetheless, common clinical tests, such as the pelvic compression test (PCT), Tinel Sign testing, and neurodynamic testing, may be used to confirm a presumed diagnosis of MP.^\[[@R2]\]^ The treatment of MP consists of conservative and operative approaches, the latter only to be considered if conservative therapy fails to achieve satisfying results, or if the patient\'s pain becomes unbearable.

Currently, the 2 most commonly conducted surgical approaches are decompression/neurolysis (NL) and avulsion/neurectomy (NR) of the LFCN. To date, there are no definitive clinical guidelines that have been established concerning the choice of procedure. There have been very few studies published on this subject, but those few either favor NR as the surgical treatment option,^\[[@R3],[@R4]\]^ or they provide no recommendation regarding the choice of procedure.^\[[@R5]\]^

The purpose of this study was to evaluate the outcome of surgical decompression of the LFCN, which is the approach in our practice for the treatment of persistent MP and for the preservation of complete sensation along the area of the LFCN.

2. Patients and methods
=======================

Within the study period, we performed 16 cases of surgical decompression of the LFCN, carried out in 13 patients between September 2015 and March 2017 at the authors' department in Salzburg, Austria. In most cases, patients were referred to our department due to a failure of conservative treatment. Confirmation of diagnosis, and consequently, the indication for surgery were determined by the following:1.Clinical symptoms and confirmation by at least 2 out of the 3 diagnostic findings listed as follows:2.a) signs of entrapment on neurosonography (positive ultrasound);b) intermittent pain relief after infiltration therapy \[3 mL ropivacaine (Ropinaest 10 mg/mL; B. Braun Melsungen AG, Carl-Braun-Straße Melsungen, Germany)\]c) pathological sensory nerve conduction velocity (performed by an external neurologist).

A retrospective analysis was performed on the surgical outcomes, which were assessed during follow-up visits from 3 to 18 months postoperatively. Two patients were lost to follow-up. The evaluation was performed by means of clinical testing, including PCT, Tinel sign testing, and neurodynamic testing, in addition to administering a standardized questionnaire. The questionnaire was developed specially for this study and included 13 questions that focused on pain relief, numbness, changes in temperature sensitivity, and overall postoperative satisfaction. An objective categorization of pain intensity was obtained, using a Numeric (Pain) Rating Scale (NRS, 1--10; higher numbers indicate greater pain levels). In addition, varying degrees of symptom relief were assessed, and subsequently categorized as complete, partial, no change, and worsened (see Fig. [2](#F2){ref-type="fig"} , parts of the standardized questionnaire). For the statistical analysis, Graphpad Prism 7.02 software (GraphPad Software Inc., La Jolla, CA) was used. One-way analysis of variance (ANOVA) testing was performed with the Holm--Sidak test for the correction of multiple comparisons using statistical hypothesis testing. The means of various postsurgical parameters were compared with the means of presurgical data. A value of *P* \< .05 was considered statistically significant. The authors of this study did not apply for approval by a local ethical committee or institutional review board. The details of the study and therapy regimens were discussed with every enrolled patient during the preoperative counseling as well as postoperatively. The included patients signed an informed consent form before the surgery.
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The manuscript was prepared according to the STROBE (Strengthening the reporting of observational studies in epidemiology) ([https://www.strobe-statement.org](https://www.strobe-statement.org/)) guidelines. The study was performed, including all procedures, in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.

2.1. Surgical procedure
-----------------------

With the patient in the supine position, under general anesthesia, a 5-cm skin incision is made 2 cm inferomedial to the ASIS and parallel to the inguinal ligament. Subsequently, dissection of the soft tissue is carried out down to the fascia lata to locate the LFCN. The nerve is then clearly visualized, mobilized, and followed proximally to its point of exit from the pelvis. The inguinal ligament is incised (only the ventral sheet) to decompress the nerve, and additional care is taken to locate and cut any compressing dorsal tendinous bands of the iliac fascia. After complete decompression (Fig. [3](#F3){ref-type="fig"}) at a distance of 8 to 10 cm distal to the inguinal ligament, hemostasis, and insertion of a drain, the wound is closed in layers using 3-0 Vicryl (Polyglactin 910, polyfil) sutures subcutaneously, and 4-0 Monocryl (Poliglecapron, monofil Ethicon, NJ) intracutaneously.

![Intraoperative view. The LFCN caudal to the inguinal ligament after surgical decompression.](medi-97-e11914-g004){#F4}

Patients were discharged on the first or second postoperative day. Postoperative mobilization was limited to only the minimum and absolutely necessary mobilization for 2 weeks postoperatively. Otherwise, there was no special postoperative care. During this study, we were able to confirm that complete nerve recovery normally occurred at about 4 to 5 months postoperatively.

3. Results
==========

Thirteen patients received a total of 16 surgical decompressions of the LFCN. The average patient age was 51 years (range: 17--70 years). Six of the patients were women and 7 were men. The right LFCN was affected in 8 cases (50%), and the left LFCN also in 8 cases (50%). Nine (69%) of the patients had an event of trauma or surgery in their medical history, which was designated as the "onset of pain." Seven of these 9 patients (78%) had a history of implantation of a hip prosthesis, and 2 patients had a history of a fall. The average follow-up was 12 months (range: 3.5 months--1 year and 7 months).

The patients' pain levels were analyzed using the NRS. The maximum preoperative pain score was 8.8 (range 7.5--10). Postoperative pain at the time of the follow-up examination was 2.1 (range 1--4). The average of the maximum postoperative pain reported during the last 4 weeks was 2.8 (range 1--7) points. The average continuous level of pain postoperatively was 2.3 (range 1--4.5). Statistical analysis showed a significant reduction of pain by 6.6 points on average on the NRS \[*P* \< .0001, standard error (SE) 0.42, maximum pain preoperatively vs pain at follow-up examination\]. There was also a significant reduction of 6 points when the "maximum pain preoperatively" and "maximum pain during the last 4 weeks postoperatively" were compared (*P* \< .0001, SE 0.64). In addition, there was a significant reduction of 6.5 points on the NRS between the "maximum pain preoperatively" and "average pain during the last 4 weeks postoperatively" (*P* \< .0001, SE 0.45) (Fig. [4](#F4){ref-type="fig"}).

![Pain scale, showing a significant reduction in pain on the Numeric Rating Scale postoperatively.](medi-97-e11914-g005){#F5}

One patient required surgical revision after primary decompression and was treated with an open decompression procedure and lipo-filling. This patient reported a postoperative maximum pain level of 8 points during a 7-month follow-up period (vs 10 points preoperatively). Two weeks after the second procedure, this patient was completely pain-free (NRS 1 point). The revision surgery data were included in the statistical analysis. In 4 of 14 (29%) patients, a complete relief of numbness was reported postoperatively; in 8 of 14 (57%) patients, a reduction of numbness occurred; in 1 of 14 (7%) patients, a new postsurgical numbness developed; and in 1 of 14 (7%) patients, no detailed information could be obtained. Thirteen of 14 (93%) of patients reported no hypersensitivity to temperature (changes) postoperatively, and in 1 of 14 (7%) patients, a reduction of hypersensitivity regarding temperature was reported (Fig. [5](#F5){ref-type="fig"}).

![Diagram showing additional information, with postsurgical improvements in numbness and temperature sensitivity, and high patient satisfaction.](medi-97-e11914-g006){#F6}

In addition, the patients were asked during follow-up for their subjective feelings on improvement of pain after surgery, without using a scale or numbers. In this case, 9 of 14 (64%) patients reported a complete resolution of pain, and 5 of 14 (36%) patients reported a partial resolution of pain. Overall patient satisfaction was high, with 12 of 14 (86%) patients reporting complete satisfaction with the surgery, and 2 of 14 (14%) patients reporting partial satisfaction.

4. Discussion
=============

A literature analysis performed in PubMed in December 2017 revealed a total of 15 studies published since the year 1972, which dealt with the surgical treatment of MP. A Cochrane review,^\[[@R6]\]^ published in 2008, and an article by de Ruiter et al^\[[@R7]\]^ summarized these studies. Six studies performed a comparison between NR/avulsion and decompression/NL. All of these reports indicated better outcomes after the NR procedure. Nevertheless, there are a few studies favoring decompression of the LFCN.^\[[@R8]--[@R11]\]^

Two recent studies, not included with the previously mentioned articles, reported better outcome rates after neurectomies.^\[[@R3],[@R4]\]^ The primary reasons for the improved pain relief after NR and poor long-term results for NL procedures were discussed. The number of surgical cases reported in these studies is almost equal to the number of cases in our single study. Payne et al^\[[@R5]\]^ published a thorough meta-analysis in 2017. They concluded that there was no clear evidence to recommend either avulsion/NR or decompression/NL as a procedure of choice, considering all the available literature.

Our clinical experience has led us to a different conclusion. Decompression of the LFCN as a primary surgical treatment appears to be sufficient and should be seen as a type of "minimally invasive" surgery. We have found that there is no need to sever the nerve. The greatest advantage of decompression is the avoidance of the sensory denervation of the anterolateral thigh. Avulsion/NR could be an option in pain recurrence after decompression, although we only observed one case of recurrence after decompression (1/14, 7%). This case was not treated by consecutive avulsion, and on the contrary, the patient received another decompression of the LFCN as well as a lipo-filling in the area of the inguinal canal where the nerve leaves the pelvis. This patient was pain-free by 6 weeks after surgery, and sensation was preserved. In general, we achieved a significant pain reduction of 6.6 points on the NRS (from 8.8 to 2.1 points) and a high patient satisfaction level of 86%.

5. Limitations
==============

The major limitation of this study is that it has a retrospective character. Further prospective evaluations of our technique are planned in the future. A control group would also be scientifically desirable. The problem is, that the according to literature, the only suitable control group would be a patient cohort, treated by the second surgical procedure for MP, which is NR. But we deny performing a NR as a primary procedure for MP treatment, because we think it is not necessary and suitable at all.

6. Conclusion
=============

The literature regarding the surgical treatment of MP is relatively sparse. The existing reports either favor avulsion/NR of the LFCN as the surgical procedure of choice, or do not give any recommendation. Our findings instead suggest that decompression/NL should be used as the surgical procedure of choice. We observed very good results and high levels of patient satisfaction postoperatively using this technique.
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